Abstract. The OB association LH 47 inside the superbubble N 44 in the Large Magellanic Cloud (LMC) is analyzed with CCD photometry. For the bright blue stars spectra in the optical and UV have been taken. The observed U , B, and V magnitudes and colours are converted to T eff and L. From isochrone fits to the colour magnitude diagram (CMD), we find an age of the association of about 5 to 6 Myr. The stellar population outside the shell is of similar age, so there is no direct evidence for sequential star formation.
Introduction
The Magellanic Clouds show a large variety of bubbles, superbubbles and supergiant shells. All those prominent H ii regions contain OB associations which allow us to study in detail very young stellar populations in an only moderate reddened surrounding and at a fairly well known distance. Besides the derivation of the ages of those associations, it is easy to derive the shapes of luminosity and mass functions from colour magnitude diagrams (CMDs). Due to the small ages of the associations the mass functions found from the main sequence stars are identical to their initial mass functions (IMF). In studying Large Magellanic Cloud (LMC) associations we have therefore a powerful tool for deriving the shape of the IMF over a large mass range. Furthermore, those shells are suitable laboratories to search for events of triggered star formation.
The OB association LH 47 (Lucke & Hodge 1970 ) is embedded in the superbubble N 44 (Henize 1956 ). N 44 is also known as Shapley Constellation I (McKibben Nail & Shapley 1953) . The central shell of N 44 is identical to DEM 152 (Davies et al. 1976 ) and shell 1 of Meaburn & Laspias (1991) . Meaburn & Laspias (1991) studied the kinematics of N 44 and showed that the shell is expanding with 46 km s −1 towards the observer at the front side and away from the observer with 33 km s −1 at the far side. Kontizas et al. (1996) examined the distribution of the OB stars in Shapley Constellation I and found that this complex may be embedded in a larger aggregate of stars, where they use Efremov's (1988) definition of complex and aggregate. Stasińska et al. (1986) identified a very hot O star in the H ii knot N 44C with a suspected temperature of about 70 000 K. Oey & Massey (1995) give a chart with the identifications of the different designations. N 44 is not only a conspicuous object in the optical and in the light of the Hα line, but also a prominent object in nearly all other wavelength ranges. N 44 can be recognized in H i (Luks & Rohlfs 1992) , in CO (Cohen et al. 1988) , in 13 CO (Chin 1995) and also in the C ii line at 158 µm (Mochizuki et al. 1994) . Chin (1995) detected emission from N 44 from the molecular transitions around λ = 3 mm of HC 2 , HCN, HCO + , HNC, CS, and CN. Elliot et al. (1978) published some narrow band images of N 44. From the absence of non-thermal radio emission they concluded that supernova explosions do not play an important role in the formation of the shell. However, diffuse X-ray emission has been detected in N 44 (Chu & MacLow 1990; Wang & Helfand 1991) with the Einstein Observatory. Chu & MacLow (1990) proposed that this emission is produced by supernovae when their shock fronts hit the walls of the shell. Chu et al. (1993) confirmed this scenario with pointed ROSAT observations.
The most recent CCD study of N 44 is that of Oey & Massey (1995) . They analyze the stellar population of the shell and find an age difference between the populations inside and outside the shell. They interpret this as a sign for triggered star formation. A comparison with a numerical model for the expansion of the shell, however, fails. This discrepancy can be understood, if the southern part of the X-ray bright part of N 44 is the result of a blowout structure, as proposed recently by Magnier et al. (1996) . Massey (1985) and Massey et al. (1995a,b) pointed out that for bright blue stars the B − V colour is not a good temperature indicator any more and age determinations may suffer strongly from that. It is therefore essential that spectroscopic observations are performed besides wideband photometry. We thus follow here the same method as described already in Will et al. (1996) and took spectra at optical and UV wavelengths for some of the bright blue stars (see Sect. 2.2).
The structure of this paper is as follows. After the description of the data in Sect. 2, we turn to the analysis of the optical spectra (Sect. 3.1) and the UV spectra (Sect. 3.2). In Sect. 3.3 we combine these results for a final classification of those stars which have been investigated spectroscopically. The age determination of the association is described in Sect. 4. Sections 5 and 6 are devoted to the luminosity and mass functions, respectively. In Sect. 7 we finally discuss our results.
Observations and data reduction
2.1. Photometry N 44 was observed with the 1.54 m Danish telescope on October 3rd and 4th, 1992 at La Silla with a TEK 1024×1024 CCD (ESO#28). Table 1 gives a log of the observations. Coordinates for N 44 can be found in Table  5 (compare also Fig. 4) . The linear pixel size of 24 µm corresponds to 0. 377 on the sky and the resulting field of view is 6. 4 × 6. 4. Images have been taken in U , B, V , R, I, and Hα filters. Two examples, the 300 s Hα and the 40 s V exposure, are shown in Fig. 1 . After standard image reduction with MIDAS and IRAF, profile fitting photometry has been performed with DAOPHOT running under IRAF. Special care has been taken to identify close optical binaries and thus to reach an exact positioning of especially the bright stars in the CMD (see also Will et al. 1995b, Sect. 4) . Mean values of the photometric errors for three magnitude ranges as given by DAOPHOT are printed in Table 2 . The number of stars in the corresponding bins and the total number of stars are also given. It has to be admitted that those errors only reflect the uncertainties due to the photon statistics. Other effects, such as the quality of the profile fits and the influence of strong crowding, could increase those errors significantly.
Observing conditions on Oct. 4 were better than in the night before, thus the images of that day have first been calibrated using the calibration stars around PG 0231 + 051 (Landolt 1992) . For U , B, and V passbands, we used the extinction coefficients from Grothues & Gochermann (1992) , i.e. k U = 0.514 mag, k B = 0.314 mag, and k V = 0.208 mag. For the R passband we used k R = 0.04 mag, for the I passband we didn't apply an extinction correction. Tucholke et al. 1996) are marked on the V exposure The Hα magnitudes have not been calibrated. The images of Oct. 3 then have been calibrated with those of Oct. 4.
The final data are listed in Table 3 which is available in electronic form only (see the footnote on the front page). Table 3 contains 4613 stars for which information in B and V and thus also in B − V is available. In addition there is a U − B colour available for 1159 of these stars, a V − R colour for 3519 stars, and a V − I colour for 2854 stars. Figure 2 shows two CMDs (V vs. B − V and V vs. U − B) of all stars in the field of view. Table 4 , which is also available electronically only, gives all 51 stars which could be cross identified in the MACS (Magellanic Catalogue of Stars; Tucholke et al. 1996; de Boer et al. 1995) . These stars may serve as an astrometric reference grid. A finding chart for those stars is given in Fig. 1 .
The quality of the photometry and of the calibration has been checked by comparison with the photometry of Lee (1990) . We could cross identify 122 stars for which V and B − V could be compared. For 111 of these stars also U − B was available in both data sets. Figure 3 shows the differences in V , B − V , U − B and the reddening free parameter Q plotted against our V magnitude. In V a significant difference of ∆V ≈ −0.04 mag is found. The differences in the colours, especially in U − B, are smaller. The differences are growing towards faint magnitudes since Lee's photometry is, due to the smaller telescope he used, not as deep as ours.
While our work on LH 47 was in progress Oey & Massey (1995) published their photometry of the association. A comparison of both data sets (432 stars in common for B and V , 426 stars for U ), revealed inconsistencies with the photometry of Oey & Massey (1995) . The main sequences in their two fields (LH 47 and LH 48) do differ significantly (≈ 0.15 mag) in B − V and U − B colours. This leads to approximately the same amount of deviation With our large CCD frames we cover in one frame the main parts of the two fields of Oey & Massey (1995) . Strongly varying reddening over the area of the association cannot be found in our data. However, the problem is of that kind that the Q-values used by Oey & Massey (1995) are not affected for stars brighter than ≈ 15th magnitude and thus their conclusions derived from their spectra together with the Q-values are also not affected.
Spectroscopy
For very hot stars the B − V colour is not a good indicator for the temperature any more (see e.g. Massey 1985; Massey et al. 1995a,b; Will et al. 1996) . Thus, when fitting isochrones to very young stellar populations as LH 47 with high turn off masses and no red supergiants, the age determination is quite difficult and uncertain. This is a bit better for the U − B colour but there the calibration is much more difficult and unreliable. Thus we decided to take spectra of the stars at the apparent top of the main sequence with the aim to distinguish evolved and non evolved stars, i.e. to determine luminosity classes. This should allow to fix the turn off point of the main sequence and thus would result in a better determination of the age of the association.
As target stars for spectroscopy we selected bright blue stars from the top of the main sequence. They were numbered according to decreasing brightness. Table 5 gives the coordinates and the photometric information of the target stars. Star #14 is missing, because after selecting the stars it turned out that this star has a close neighbour and thus it has not been observed. Stars #2 and #9 are present in the MACS. Star #2 is MACS J0522-679#027 and star #9 is MACS J0522-679#018. The coordinates for all other stars have been calculated from the cross identification with the MACS. Figure 4 shows the target stars on a V exposure of N 44. In the CMD (Fig. 2 ) the target stars for spectroscopy are marked by crosses. We observed spectra of these stars in the optical wavelength range for classification purposes and in the UV for the determination of temperatures by fitting model atmospheres.
Optical spectra
Long slit spectra of the target stars in the optical wavelength range have been observed with the B&C spectrograph at the 1.52 m telescope at ESO, La Silla from 24th to 26th November 1993. We used grating #28 which gives a dispersion of 64.5Å/mm. The detector was a Ford CCD (ESO #24) with 2048 × 2048 pixel 2 of 15 × 15 µm 2 . The slit width was 2 on the sky. The slit was always aligned in that way that two stars of similar brightness were observed simultaneously. The spectra cover the wavelength range from 3600Å to 5500Å with a resolution of 2.3Å (determined from the FWHM of the lines in the He-Ar Table 5 . Target stars for spectroscopy, their coordinates, photometric information and the log of the optical and UV spectroscopy. For the optical spectra exposure times and signal-to-noise ratios are given, for the UV spectra the IUE image numbers and the exposure times are given Coordinates Photometry Optical spectra IUE spectra calibration spectra). Table 5 gives the exposure times and the achieved signal-to-noise ratio.
The spectra have been reduced with MIDAS in a standard way. The wavelength calibration has been performed with He-Ar spectra which have been taken immediately before and after each stellar spectrum. No flux calibration has been performed, instead we normalized the spectra to unity. Figure 5 shows all 14 spectra.
UV spectra
Low resolution IUE spectra of 10 of the stars have been observed from 17th to 20th July 1995. We used the large aperture of the IUE. Observing details for these stars are given in Table 5 . The spectra are shown in Fig. 6 . They have been weakly smoothed with a 5 pixel median filter.
Analysis of the spectra

The optical spectra
For the classification of the stars with optical spectra we applied different methods: Classification of the spectra by comparison with two atlases of digital spectra, fitting of line profiles to the Balmer lines, and finally estimating the spectral subtypes from the equivalent widths of the He i and some metal lines. From these three methods only the first one worked sufficiently well for all stars. The profile fitting and the equivalent widths can only be regarded as additional constraints on the spectral types and effective temperatures for some of the stars. Since the two latter methods did not add much information, they are not discussed here.
However, the profile fits led to the knowledge of the central wavelengths of the Balmer lines. We could thus derive rough radial velocities for our program stars. They are given in Table 6 . All radial velocities lie in the range from v LSR = 210 km s −1 (N 44:13) to 295 km s −1 (N 44:09) with a clear peak of the distribution around 265 km s −1 . Fig. 3 . Comparison of our photometry with that from Lee (1990) . Mean values for the differences of V magnitudes, B −V and U − B colours, and for the reddening free parameter Q are given and indicated by the solid line. All differences are in the sense our value minus Lee's value. Zero differences are indicated by dashed lines
We estimate the uncertainty of the radial velocities to ≈ 30 km s −1 . Our radial velocities are in good agreement with the radial velocities of the molecular lines (v LSR = 283 km s −1 ) found by Chin (1995) .
The lines in the optical spectra of our stars can be identified by comparison with the atlases of digital spectra of Walborn & Fitzpatrick (1990) and Fitzpatrick (1991) . The atlas of Walborn & Fitzpatrick (1990) covers O and B type spectra for a large range of spectral subtypes and luminosity classes. The sample spectra are from galactic stars and thus may differ systematically from our target stars due to the lower metallicity of the LMC. The atlas of Fitzpatrick (1991) gives sample spectra from LMC stars and therefore of appropriate metallicity. However, this atlas is only valid for supergiant B stars and thus not useful for all stars of our sample. For the B Ia types in our sample there is a good agreement between the classifications derived from both atlases. Therefore we do also trust the classification from the Walborn & Fitzpatrick (1990) atlas for the non Ia luminosity class stars. The spectra were taken with the aim to help to refine the age determination of the association. Therefore it is necessary to judge from the spectra if a star is evolved or not, i.e. to determine its luminosity class. However, when comparing the spectra with the sample spectra in the atlases, it soon became clear that a determination of the luminosity class is very difficult. This is mostly due to the fact that for a given spectral type the changes of line widths and line strength ratios with luminosity class are very small.
The UV spectra
From the UV spectra we derived effective temperatures and surface gravities by fitting model atmospheres from the ATLAS 9 program (Kurucz 1992) . We used the models with [M/H] = −0.3 dex, however, our results do not change when we use [M/H] = −0.5 dex. The photometric magnitudes in the U , B, and V passband were converted to fluxes (Heber et al. 1984) , plotted together with the IUE spectra and used for the fit of the model atmospheres.
It turned out that there exists no unambiguous solution for T eff , log g, and E B−V for each spectrum. Therefore we varied E B−V by steps of 0.05 mag in the range suggested by the photometry, thus resulting in several sets of T eff , log g, and E B−V . A constant galactic foreground reddening of E B−V = 0.05 mag was assumed (see e.g. Oestreicher et al. 1995) for which the extinction law of Savage & Mathis (1979) was used. The remaining portion of the reddening was assumed to be of LMC origin and Fig. 6a for the stars 09 to 12. In the case of N 44:12 the flux of the LWP spectrum seems to be erroneous. This part thus has not been used for the fit of the model atmospheres the extinction law of Howarth (1983) was used for its correction. For each spectrum one fit is shown in Figs. 6a and 6b.
In the case of N 44:03 and N 44:05 no SWP spectrum was available, thus the fit of the model atmospheres had to rely on the LWP spectrum and the optical flux values alone. This makes those fits more uncertain. In the case of N 44:12 we found a problem with the flux in the LWP spectrum. It seems that LWP and SWP do not fit properly together, although the exposure times were corrected accordingly for both spectra before combining them. There is too much flux in the LWP compared to both, the SWP spectrum and the photometry. A model atmosphere which fits to both parts of the spectrum is in principle possible, but it would totally fail to reproduce the flux values from the photometry.
Final classification of the stars with spectra
We then collected all information from the methods described above to determine the final classification for our sample stars. Due to the difficulties in deriving a reliable luminosity class from the comparison with the spectral atlases, we used the photometric information to derive the luminosity classes by comparison with the tables of Schmidt-Kaler (1982), whereas we took the spectral subtypes from our classification. This led to our final classifications which are summarized in Table 6 . For each spectral type we give the corresponding effective temperature as tabulated by Schmidt-Kaler (1982) .
In Table 6 we do also give the spectral types which were derived by Oey & Massey (1995) . These are mostly in fair agreement with our classification. The largest 
Determination of the age
We will first derive the age from our CMD by comparison with isochrones. This result will then be compared with the distribution of stars in the theoretical plane, i.e. in the Hertzsprung-Russell diagram (HRD).
From photometry alone
The age of the association has been derived by fitting isochrones to the CMD which were calculated from the stellar evolutionary models of Schaerer et al. (1993) . These models include moderate convective core overshooting and new opacities (Rogers & Iglesias 1992) . We used the tracks for a metal content of Z = 0.008, which is appropriate for most young LMC populations (see e.g. Spite et al. 1993; Hill et al. 1995) . For the isochrone fit we used a LMC distance modulus of 18.5 mag (Westerlund 1990 ). Using both CMDs the best fit to the youngest population is reached for an isochrone with an age of 5 Myr (log(age/[yr]) = 6.7) and a reddening of E B−V = 0.22 mag. In the V vs. B − V diagram also an age of 6 Myr would give a good fit. The foreground reddening in this region of the LMC is very low: from the map of Oestreicher et al. (1995) we find 0.04 − 0.06 mag, the map of Schwering & Israel (1991) gives 0.06 − 0.08 mag. Thus the major part of the reddening is due to LMC gas. Due to the huge gas amount in the region (cf. Fig. 1 ) this is not astonishing and we have to expect a strongly varying reddening within our field of view. Oey & Massey (1995) give a lower mean reddening of E B−V = 0.11 mag.
The CMD with the 5 Myr isochrone is shown in Fig.  7 . In the M V vs. (B − V ) 0 plane the fit of the isochrone is quite good. In the M V vs. (U − B) 0 plane the fit near the turnoff region of the main sequence is bad. The shape of the upper main sequence is strange and can not be fitted with any isochrone. There is also an unusual high scatter in the U − B colour. A wrong U calibration does not seem to be very probable, because first this would not produce scatter but a common shift of all stars, and second the agreement with the U − B colour of Lee (1990, Fig. 3 ) is good.
From photometry and spectroscopy
The stars for which a spectral type was derived could easily be placed in the HRD. For all other stars we used the transformation equations given by Massey et al. (1995b) to derive M bol and T eff . In these equations the reddening for stars with Q < −0.4 mag is derived from the photometry individually for each star. Figure 8 shows the distribution of the derived reddening values. The distribution shows a clear peak near E B−V = 0.22 mag, thus confirming our fit in the observational plane. There are some stars which show unusual high reddenings. These are artefacts of an uncertain U magnitude of faint red stars. Figure 9 shows a map of the reddening on the position of N 44. Due to the above mentioned uncertain high reddening values, only stars with E B−V < 0.8 mag have 8 . Distribution of the reddening values derived from conversion of the photometry to Teff and log L. The distribution peaks near EB−V = 0.22 mag, which is the reddening derived from the isochrone fit been used to construct this map. Also only stars with Q < −0.4 mag have been used because only for those stars an individual reddening was derived from the photometry. The map shows that the reddening in the inner part of the shell is not very strong and near the mean value of 0.22 mag. South-west of the shell, between N 44B and N 44C, we find a peak of the reddening which could originate from the higher gas and dust content of this region (see Fig. 1 ). Figure 10 shows the HRD with overlayed tracks (left panel) and isochrones (right panel) from the models of Schaerer et al. (1993) . The stars hotter than the main sequence band are faint stars with uncertain, i.e. too blue colours. Along the entire main sequence we recognize the same effect that we have already seen in Fig. 7 . There is no single isochrone which gives a good fit, instead the stars spread over the entire main sequence band. This spread has the same reason than the scatter in the V vs. U − B CMD (Fig. 7, right panel) , i.e. an unusual high scatter of the bright stars in U − B, which is brought into the HRD via the transformation equations. We do not understand this high scatter, but it is also present in the HRD of Oey & Massey (1995, their Fig. 4 ) and thus may be an intrinsic feature of LH 47. 
Discussion
From the CMDs we find an age of 5 to 6 Myr for LH 47 in N 44. Oey & Massey (1995) find 10 Myr for LH 47 (inside the central shell of N 44), Kontizas et al. (1996) give an upper limit of 3 Myr for the associations LH 47, 48 and 49. Oey & Massey (1995) find a significant difference in the ages of the stars inside (10 Myr) and outside (5 Myr) the shell. We do not see such a difference. From Fig. 4 it is clear that there are some bright stars in the very centre of the shell. Those stars include N 44:01 and N 44:05, for which we do have spectra. Our spectral classification of those stars is in good agreement with that of Oey & Massey (1995) . These two stars are as young as 5 Myr, thus implying that there is no age difference between the interior and exterior of the shell. However, they could still be located at the border or outside of the shell, so that they are only projected in front of the centre. In Fig. 11 we compare the CMDs of the stars inside and outside the shell. Inside means all stars nearer than 1. 9 to the center and outside means all stars more far than 2. 5 from the center of the shell. In this way we selected only stars which are really inside or outside the gas ring of N 44, omitting stars which fall on the gas ring. The 5 Myr isochrone is also shown for easier comparison of both plots. As we concluded already from the HRD, we do not see a difference of the ages of the stellar population inside and outside the shell.
Due to the calibration problem in the work of Oey & Massey (1995; see Sect. 2 .1), the age difference found by those authors may be an artefact of the photometric offset between their CCD fields. This seems very plausible because of the fact that a distinction between inside and outside the shell in their photometry may be traced back to a different calibration of their CCD fields which had only a narrow overlap.
The very hot star observed by Stasińska et al. (1986, their #2 ) is also included in our photometry. For this star we find M V = −5.06 mag, (B − V ) 0 = −0.31 mag and (U − B) 0 = −1.16 mag. After transformation to the theoretical plane, this leads to a temperature of 38500 K (i.e. log T eff = 4.586) and log(L/L ) = 5.411. Its reddening is E B−V = 0.226 mag and thus only slightly higher than the average reddening. The star lies well in the main sequence band, confirming the classification as a normal O star by Oey & Massey (1995; their lh47-338) and Pakull & Motch (1989) but not confirming the very high temperature given by Stasińska et al. (1986) .
One of our goals of the spectroscopy and the transformation of the photometry to T eff and log L was to refine the age determination from the pure BV photometry. This was not as successful as we expected due to the not understood scatter in the U −B colour, which is transformed also into the HRD. The inspection of Fig. 10 however shows that the stars with spectra suggest a minimum age of the association of 4 or 5 Myr, thus confirming our result from the photometry.
Luminosity function
The luminosity function is a good tool to compare the stellar content of different regions. It gives a first hint on the ratio between massive (bright) and less massive (faint) stars. However, different evolutionary states of the stars smear out some properties. But in contrast to the mass function no stellar evolutionary models or other theories are needed for the construction of the luminosity function. We assume that the luminosity function is a power law with
where γ is the slope of the luminosity function. The luminosity function has been constructed from main sequence stars. Only stars with M V > −6.5 mag and stars which do not belong to the "red clump" have been selected; in total these are 3522 objects. The star counts have been binned to interval widths of 1 mag. Figure 12a shows the luminosity function found for all those stars. The error bars represent √ N errors. In the range from M V = −6 to +2 mag the assumption of a power law seems Fig. 10 . HRD of the stars in N 44. The stars for which spectra exist are marked by the larger symbols. On the left panel tracks with Z = 0.008 from Schaerer et al. (1993) for masses from 120 down to 2.5 M have been overplotted (masses = 120, 85, 60, 40, 25, 20, 15, 12, 10, 7, 5, 4, 3 , and 2.5 M ). On the right panel isochrones for ages of 4 Myr to 100 Myr (log age = 6.6, 6.7, 6.8, 6.9, 7.0, 7.1, 7.2, 7.5, and 8.0) calculated from those tracks have been overplotted to be correct. The first bin (M V = −6.5 mag) contains too few stars, probably some stars are already missing due to evolutionary effects. At M V = +2 mag (i.e. V ≈ 21 mag) incompleteness of the data sets in. The straight line represents a weighted linear regression for the range M V = −6 to +2 mag (i.e. V = 13 to 21 mag). The slope of the line is γ = 0.24 ± 0.02. Figure 12b shows a comparison of the luminosity function between the interior and the exterior of the superbubble N 44. For the inner part all main sequence stars with a distance of less than 1. 9 from the centre of the shell have been taken into account (1204 stars), for the outer part only stars more distant than 2. 5 (1601 stars) from the centre have been selected. Error bars have been omitted in Fig. 12b for clarity. There is a clear difference of the luminosity function between the two samples. In the inner part the luminosity function flattens significantly towards brighter stars. An error-weighted linear regression gives γ = 0.21 ± 0.02 for the interior of the shell and γ = 0.28 ± 0.02 for the exterior. The fits have been calculated for the same magnitude range as in Fig. 12a, i. e. from M V = −6 to +2 mag. The solid line represents the fit for the inner region, the dotted line the fit for the outer region.
The slope of the luminosity function for the entire region (γ = 0.24) is in good agreement with the value of γ = 0.26 found for the luminosity function of NGC 1962-65-66-70 (LH 58; Will et al. 1995b ). Malumuth & Heap (1994) found γ = 0.26 for the inner region of 30 Dor and γ = 0.33 for the outer parts 1 . For NGC 595 in M 33 Malumuth et al. (1996) give γ = 0.28. For more slopes of luminosity functions in recent papers see Will et al. (1995b) .
Mass function
We have two possibilities to derive the slope of the IMF. First, we can use the isochrone which was found to fit best to the CMD to convert the apparent magnitudes of the main sequence stars to masses. This method has been used in our recent papers (Will et al. 1995a,b; Vázquez et al. 1995 ) and proved to be very successful. Since we are dealing with hot stars and we do have observations in the U passband, we can also use the transformation equations of Massey et al. (1995b) to transform our CMD to a HRD. This enables us to overplot tracks from stellar evolutionary models and to count stars in certain mass intervals. Both methods will be used here and their results will be compared.
We did not apply any completeness correction (similar to e.g. Oey & Massey (1995) but in contrast to e.g. Will et al. 1995a,b) . Our photometry of N 44 is so deep (see Figs. 2 and 7 ) that we expect a high contamination of LMC field stars in the faint star regime. But, since we do not have any observations of a comparison field to perform a statistical field star subtraction, the faint star regime would, even with a completeness correction, be useless for us. The luminosity function (Fig. 12) suggests that our photometry is complete down to M V ≈ 1.5 mag (i.e. V ≈ 20.5 mag), corresponding to M = 2.3M or log M = 0.36.
Results
From BV photometry
The 5 Myr isochrone was used to derive a relation between the absolute magnitude M V and the mass of all stars on the main sequence (same criteria as for the luminosity function). The stars were binned in intervals of 0.1 in log mass. We assume a power law form of the IMF for the restricted mass range under investigation and use the equation
1 Malumuth & Heap (1994) and Malumuth et al. (1996) use B magnitudes and the equation log Φ(LB) ∝ −0.4αMB, where
where x is the slope of the mass function. In this notation the value for the slope of the IMF in the solar vicinity is x = 1.35 (Salpeter 1955) . Figure 13 shows the result. In Fig. 13a the star counts for the entire field of view are plotted vs. the logarithm of the mass.
√ N error bars are also plotted. In the mass range from 2.5M (log M = 0.4) to 30M (log M = 1.5) the assumption of a power law seems reasonable. The lower limit fits well with the incompleteness limit derived from the luminosity function. A weighted linear regression in the mentioned mass range gives a slope of the mass function of x = 1.37 ± 0.10. The solid line in Fig. 13a shows this fit.
The luminosity function implied a difference between the stellar populations inside and outside of the superbubble N 44A (see Fig. 12b ). We used the same selection criteria as for the luminosity function (inside: all stars in a circle with a radius of 1. 9; outside: all stars outside a circle of radius 2. 5) to investigate this for the IMF. Figure  13b shows the star counts for both regions. The filled symbols show the mass function for the interior of the shell. A weighted linear regression for the same mass range as mentioned above gives a slope of x = 1.18 ± 0.15 (solid line). The open circles give the result for the exterior region where we find a slope of the IMF of x = 1.54 ± 0.15 (dotted line).
From the HRD
We used a plot similar to the one shown in Fig. 10 (left panel) to count the stars between the stellar evolutionary tracks on the main sequence band of the HRD. The blue stars leftwards of the main sequence are scattered into this region due to uncertain photometry and thus have been omitted for the counting. The red stars to the left of the main sequence near 10 M have been excluded. However, since we want to compare our results with those obtained by Oey & Massey (1995) , we did count all evolved stars which are more massive than 12 M .
The star counts between the tracks have been normalized to the same bin size (0.1 in log mass) than those from the photometry and have been plotted in Fig. 13a (open circles). The error bars are √ N errors. The IMF derived in this way lies clearly below the one from the photometry. This is a direct influence of the fact that for a placement in the HRD a star has to be detected in all three passbands U , B and V . In the U passband our observations are not very deep and incomplete already on the upper main sequence. However, the slope of x = 1.22 ± 0.10 derived for the mass range below the turn off point of the main sequence is quite similar to that from the BV photometry. We recognize a clear upturn of the IMF slope for stars more massive than 20 M (0.1 in log M). For the mass range from 12 to 85 M we find a slope of x = 2.1.
Discussion
We found very similar slopes for the IMF from both methods described above. This is somewhat surprising because of the lower number of stars in the HRD compared to the BV CMD. Using the HRD offers the possibility to count stars up to much higher masses than the turn off point of the best fitting isochrone. This leads to a steeper mass function slope since some stars may have already vanished and are thus not counted, although they were created together with the stellar population which is still observed. The problem has already been discussed by Will et al. (1995b) for the LMC OB association LH 58. Values derived by this method should therefore be treated with care. Oey & Massey (1995) give an IMF slope of x = 1.3 ± 0.2 (Γ = −1.3 in their notation) for the association. This value was derived by the second method described above, i.e. counting the stars between the tracks in the HRD. It fits well to the results derived from both methods in this paper. Oey & Massey (1995) do not find a significant difference between the IMF slopes inside and outside the shell. We find a change of x from 1.2 inside to 1.5 outside the shell, i.e. we find relatively less massive stars outside the shell than inside where the association LH 47 is located. This is the opposite direction of IMF slope difference reported by Parker et al. (1992) for LH 9 and LH 10, the associations inside and on the rim of the superbubble N 11. There more massive stars seem to have formed in the association which is located on the rim of the superbubble.
The overall IMF slope found for LH 47 fits well within recent derived IMF slopes in the LMC as well as in our galaxy. Will et al. (1995b) found x = 1.2 for LH 58 in the LMC. For that association Garmany et al. (1994) found x = 1.6, which was updated to x = 1.4 in Massey et al. (1995b) . The later paper also compiled other IMF studies of OB associations in the Magellanic Clouds and of open clusters and associations in our galaxy (their Table  5 ). The Magellanic Cloud associations show IMF slopes in the range from x = 1.1 to 1.6. In the case of the galactic clusters/associations the range is larger, from x = 0.9 up to x = 2.1. Other IMF studies of globular clusters and galactic clusters have been discussed in Will et al. (1995a,b) and Hill et al. (1994) .
There is a clear tendency to find IMF slopes near the Salpeter (1955) value. This strongly supports the idea of an universal shape of the IMF. We think that the differences found between the stellar aggregates are more due to scatter (especially at the massive end of the IMF), quality of the observations (i.e. completeness), and the analyzing methods (i.e. counting of stars in CMD or HRD) than due to real differences of the IMF of the objects under investigation. For a comparison of studies which analyze different mass ranges one should also keep in mind that the representation of the IMF with a power law is only valid for a narrow mass range. For larger ranges, i.e. for mass ranges of more than one order of magnitude, the Miller & Scalo (1979) law should be applied.
Summary and conclusions
We have analyzed photometric and spectroscopic data of the association LH 47 in the superbubble N 44. The photometry has been reduced in a standard way. The optical and UV spectra were used together with the photometric information to derive spectral classifications and temperatures for those stars. For all other stars the UBV photometry was transformed to the theoretical plane with the conversions given by Massey et al. (1995b) . We found a large scatter of the bright stars along the main sequence in the U − B colour. This scatter, which is also present in the study of Oey & Massey (1995) , leads to a broadening of the main sequence in the HRD and thus to an unclear age determination from the HRD.
From an isochrone fit to the CMD we find an age for the youngest population of 5 to 6 Myr and a mean reddening of E B−V = 0.22 mag. We do not find strong evidence for an age difference between the interior and the exterior of the shell. However, this conclusion is based mainly on two young stars seen inside the shell. They could also be located at the border or outside of the shell and only being projected in front of the centre. Due to the scatter in the U − B colour, which is transfered to the HRD, the HRD did not help to improve the age determination from the photometry. However, the HRD and the spectroscopically investigated stars suggest a lower age limit for the association of 4 − 5 Myr, in perfect agreement with the age determination from the BV photometry.
From the transformation of our UBV photometry to T eff and log L we get to know an individual reddening for all stars with Q < −0.4 mag. The distribution of these reddening values peaks at E B−V = 0.22 mag, thus confirming the mean reddening derived from the isochrone fit to the BV CMD. From the reddening values we construct a reddening chart of N 44. In the centre of the shell we find reddening values around the mean value. South-west of the central shell, between N 44B and N 44C, we find a peak of the reddening which may be associated with the higher gas content in this region. Chin (1995) found the peak of the 13 CO emission very concentrated compared to the Hα and H i emission and the CO map of Cohen et al. (1988) . Using our grid of astrometric reference stars, we find that the position of the 13 CO emission given by Chin (1995) lies exactly in the centre of the central shell of N 44. The N 44 superbubble with LH 47 inside is therefore at the front side of a molecular cloud. It appears probable, that the expansion of N 44 will trigger more star formation in that molecular cloud.
The molecular transitions studied by Chin (1995) showed radial velocities of v LSR ≈ 280 km s −1 , which is in good agreement with the radial velocities we found for our spectroscopically investigated stars.
From the main sequence stars in the CMD we construct the luminosity function. We find a slope of γ = 0.24 ± 0.02 for a power law representation of the luminosity function. This agrees well with the slopes found in other associations.
To construct the mass function we use two methods. First, we derive the masses of all main sequence stars in the CMD from the relation of M V and mass from the best fitting isochrone. A power law fit to the distribution yields a slope of x = 1.37 ± 0.10, equal to the Salpeter (1955) value. Second, we count all stars between the stellar evolutionary tracks in the HRD. Since for the conversion of the photometry to the theoretical plane the U magnitude is essential, the completeness in the HRD is worse than in the CMD. Thus the count rates between the tracks in the HRD are smaller than in the comparable bins of the CMD. Surprisingly, the slope of the resulting mass function is nearly the same. A comparison of the mass function slope inside and outside the shell shows only a slightly steeper slope in the outside area. The slope we found for the IMF is very similar to the values found for other associations and open clusters. The idea of an universal shape of the IMF is thus again supported.
